Various designs of quartz tube in a slotted tube atom trap were examined for improving the sensitivity of flame AAS. A 3.5-fold enhancement in the sensitivity was obtained by using the optimized method. The method was applied to the determination of Cu in cancerous and non-cancerous human thyroid tissues. The Cu concentrations of the cancerous samples tended to increase compared with the non-cancerous samples. Zn concentrations of the same tissues were also determined.
Introduction
It is recognized that flame atomic absorption spectrometry (FAAS) must be chosen over flameless atomic absorption spectrometry if both of these methods can be used. The sensitivity of FAAS is limited by several factors. The analyte atoms generated in the flame pass rapidly and continuously through the measurement zone during sample aspiration. A further limitation is the poor efficiency of the nebulizer/burner system. A maximum of 10% of the aspirated sample solution reaches the flame. Although flameless atomic absorption spectrometry is a more sensitive technique than the FAAS, this technique is more expensive, slower, and more prone to interferences; it also requires expert operators. The effective chemical modifiers, background correction systems, improved furnace and platform design and careful optimization of temperature program were used for removing these disadvantages. 1 Nevertheless, the general situation in this field of electro thermal atomic absorption spectrometry (ETAAS) is rather contradictory. 2 On the other hand, FAAS is a mature analytical technique, which many believe is "over the hill".
However, there is continuing effort to enhance the sensitivity of FAAS. The sensitivity can be improved if the atomic vapor can be constrained to remain longer in the source beam. The techniques examined for this purpose were recently reviewed by Matusiewicz. 3 Among these techniques, atom-trapping techniques were examined in the two main designs. These are a) the slotted quartz tube and b) the water-cooled silica tube. Although these techniques were firstly described 25 years ago, 4 it is evident that the scientific literature on this topic has increased in recent years. 3 The water-cooled silica system has the advantage of the further increase in the sensitivity, besides its disadvantages that it requires very large volume and aspiration time (with 2 min collection time) of the sample for one measurement in comparison with the requirements of the slotted quartz tube. 5, 6 The delaying of atoms in the optical path has found popularity more recently with the so-called slotted tube atom trap (STAT) system. Because quartz has a sufficiently high melting point and a low thermal expansion coefficient, it was chosen as the material for the atom trap. The sensitivity improvement is attributed to the increased residence time of the analyte atoms in the light path due to a slower flame speed, as well as to a longer optical path together with the partial exclusion of entrained air and a more stable chemical environment, which enhance the concentration of neutral atoms. In the STAT system, a doubleslotted quartz tube is installed above the burner. The length of the upper slot of the tube is shorter than the lower slot. This is placed into the flame gases and analyte atoms, using a pneumatic nebulizer system. The optimization of the slotted tube has been attempted using various designs and parameters such as exit holes, tube length and tube material. 3 According to our knowledge, the changes of the diameter and the upper slot length of the tube have not been examined to improve the sensitivity of STAT-FAAS.
Copper is helping to form hemoglobin in the blood, facilitating the absorption and use of iron so that red blood cells can transport oxygen to tissues, and assisting in the regulating of blood pressure and heart rate. Although copper is an essential element for human and animals, a high concentration of Cu (above normal) could induce growth proliferation and cancer by damaging DNA with toxic-free hydroxyl radicals. 7 In our previous works, [8] [9] [10] [11] copper, lead and cadmium concentrations in biological and environmental samples such as fruit, human urine and soil were determined by using FAAS or FAAS-STAT.
In this study, some changes such as the length of the upper slot and the diameter of the quartz tube in STAT were introduced and examined for obtaining the highest enhance in the sensitivity of FAAS. In addition, the optimized conditions were applied to the determination of Cu concentrations in the cancerous and non-cancerous human thyroid samples. Zn concentrations of the same tissues were also analyzed and the rates of Cu/Zn were compared. spectrophotometer (FAAS) equipped with ATI UNICAM Hollow cathode lamps was used for the metal determinations. The optimum conditions for FAAS were studied as given in the handbook of the spectrophotometer. A domestic microwave oven (Kenwood) was used for the digestion of the tissues. A Slotted Tube Atom Trap was used for improving the sensitivity of FAAS.
Preparation and digestion of tissue samples
The samples were obtained in formaldehyde solution from the pathology laboratories of private and Firat University in Elazig, Turkey. Five samples of the cancerous (malignant) and thirteen samples of the non-cancerous (benign) thyroid samples were taken from patients of different sexes, ages and living conditions for except one sample. The tissue samples were cut into small pieces with a stainless-steel knife and transferred to the beaker. The samples were digested by using a domestic microwave oven. For this purpose, the steps given below were followed. The blank digests were carried out in the same ways. 
Results and Discussion
It is known that the sensitivity enhancement of FAAS is related to the flow rate of the solution aspirated. In this study, the rate of the solution aspirated was 1 ml/11 s. The changes made on the quartz tubes are given in Table 1 . The lengths of the lower slots were 50 mm for all designs. The obtained increases in the sensitivity for various designs of quartz tube are also given in Table 1 . These results can be summarized as follow. When the tubes having the length of the upper slots of 40 and 28 mm, and the diameters of 8 and 7 mm were used, the sensitivity enhancements of 1.3 and 2.4-fold, respectively, were achieved.
The sensitivity enhancements as high as 2.9 and 3.5-fold were achieved when the tubes having the upper slots of 28 and 23 mm lengths were used, with the diameters remaining at 6 mm for each one were used. When we used the tube having the length of 10 cm, the sensitivity enhancement was surprisingly found to be higher than the enhancement of the tube with a length of 12 cm described above. This may be attributed to the self absorption in the tube having the length of 12 cm. The obtained calibration graphs are given in Figs. 1 and 2 , by using different designed tubes. As a consequence, the determinations of copper concentrations as low as 25 µg L -1 were achieved by STAT-FAAS using the optimized conditions. Devitrification of the quartz tube was prevented by aspirating a 1% (m/v) lanthanum solution. The service life of the quartz tube was thus increased. On the other hand, it is observed that the service life of quartz tube was related with the tube thickness. More measurements than 100 cycles can thus be done by using the tube thickness of 1.5 mm.
Determination of copper and zinc in human thyroid tissues
In the literature, it is described that trace element concentrations of healthy adult thyroid glands were not dependent on sex or age. 12 Copper, being a cofactor of some metalloenzymes, is required for the maintenance of optimal health, normal cellular homeostasis, optimum function of the immune system, and the structure and function of skeletal, cardiovascular, and nervous systems. 13 On the other hand, it is well known that either an excess or a deficiency of certain trace metals in one's organism can lead to biological disorders. Uda et al.
14 observed the higher concentrations of Fe and Ti and the lower concentration of Zn in cancerous kidney, while an opposite trend was observed in the testicular cancerous tissue. This suggests that the deficiency or excess of trace elemental concentrations in cancerous tissues of different organs should be different. Reddy et al. 15 have reported low levels of Cu (12.9 mg/kg) in the tissue of a cancerous thyroid in comparison with that of a normal thyroid (54.9 mg/kg) while lower levels of Cu (6.1 mg/kg) are found in the tissue of adenoma thyroid than in the cancerous thyroid. Their very high values in comparison with our concentrations (approximately, 1.0 mg/kg) can be attributed to the freeze-drying procedure of their samples. Other authors have estimated the concentration rates of Cu/Zn in the cancerous thyroid tumor were significantly higher than in the normal and other thyroid diseases. 16, 17 This study also confirmed that the cancerous thyroid tissues have higher Cu concentrations than the non-cancerous (adenoma) thyroid
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ANALYTICAL SCIENCES SEPTEMBER 2004, VOL. 20 Table 1 The obtained increases in the sensitivity of Cu by using STAT-FAAS tissues (p < 0.05). The Zn concentrations in cancerous tissues were found to be slightly lower than in the non-cancerous tissues. However, no statistically significant differences were observed in thyroid Zn concentrations between cancerous and adenoma (p > 0.05). Similarly, Kucharzewski et al. have observed the lower Zn concentrations in the cancerous thyroid patients than in the other thyroid patients. 17 In another study, 15 Zn concentrations of cancerous and adenoma thyroid tissues were found to be close to each other. We estimated that the concentrations rates of Cu/Zn in cancerous thyroid tissues were significantly higher (p < 0.05) than in the non-cancerous tissues ( Table 2 ). The main advantages of the STAT compared to the conventional flame method lie in the increased sensitivity and in the reduction of potential interferences, because the technique allows greater dilution of the sample. The optimized method is quicker, has less risk of contamination, is inexpensive and the required quartz tube is easily manufactured. Although the achieved enhancement is modest (3.5 fold), the optimized method is important because of its simplicity and instant applicability.
In the presence of thyroid, the recoveries of Cu from this sample fortified with the copper were found to test the accuracy of the purposed method. The Cu spiked into the sample is in the range of 25 -100 ng mL -1 . It was found that at least 95% of Cu added to the thyroid samples was recovered. The effect of contamination was eliminated by subtracting the values obtained for blanks. In addition, to overcome the enhancement or suppression due to the presence of major components of the thyroid matrix, calibration solutions were used within the sample matrix itself. On the other hand, the standard method of adding Cu to the thyroid samples was examined. The results indicated that the slope of the calibration curve is identical with the slope obtained by the standard addition method (Fig. 3) , and thus, the absence of chemical interferences can be concluded. Therefore, the calibration graph was used for the determination of Cu in thyroid samples.
Consequently, the sensitivity enhancement of 3.5-fold that was not achieved up to now by using STAT-FAAS was achieved by using very simple modifications. The limit of quantitation was found to be 25 ng mL -1 . There is an increase in the Cu concentrations of the malign thyroid samples compared with those of the benign (adenoma) thyroid tissues. Lower volumes of samples were needed in comparison with other enrichment methods (only 0.3 ml of solution is sufficient for one measurement). Table 2 Cu and Zn concentrations in the cancerous and non-cancerous (benign) tissues of thyroid
The results are fresh weight basis, n = 3. Cancerous and non-cancerous tissues are belonging to different persons. 
